In the present study, the WRF-CHEM model is used to evaluate the contributions 12 of trans-boundary transport to the air quality in Beijing during a persistent air pollution provinces to mitigate pollutant emissions is a key for Beijing to improve air quality.
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The simulation including both factors X and Y is given by:
The mutual interaction between X and Y can be expressed as:
where and are the predicted and observed pollutant concentrations, respectively. N is 169 the total number of the predictions used for comparisons, and and represents the 170 average of the prediction and observation, respectively.
171

Pollutants Measurements
172
The hourly measurements of O 3 , NO 2 , and PM 2.5 used in the study are downloaded Beijing, indicating better model performance for regional simulations in a large scale. not only the morning peaks, but also the accumulation processes from July 5 to 9 and from
372
July 9 to 13. Except the sulfate aerosol, the temporal variations of aerosol species from 373 background are not large. 
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389
The pure local emissions contribute more than 20% of the mass concentrations for the 390 primary aerosol species, but less than 15% for the secondary aerosol species in Beijing (Table   391 4). The trans-boundary transport of emissions outside of Beijing dominates all the aerosol 392 species levels in Beijing, with contributions exceeding 50%, particularly for SOA and nitrate.
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